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Abstarct 
 

The synthesis of metallic Nanoparticles (NPs) has gathered utmost interest 

over the past decades thank to their distinctive properties that build them 

applicable in several fields further as including science and technology. This 

main methods utilized in their synthesis are non-environmental friendly. This 

review paper describes the green methods within the synthesis of biogenic 

NPs further as their mechanisms involving various plant extracts which are 

non toxic, environment friendly and value effective. The natural plant 

extracts contains metabolites like flavonoids, terpenoids, polyphenols, 

alkaloids, etc which acts as both reduction and stabilization agents for 

synthesizing biogenic NPs with desired shape and size. During this review 

paper the employment of assorted plant extracts additionally the employment 

of bacteria, fungi, proteins within the biogenic synthesis of NPs has been 

delineated shortly. Ultimately the importance and applications of biogenic 

NPs has also been expressed. 

 

Keywords: nanoparticles, synthesis, green methods, extraction, 

environment. 

 

1 Introduction 
 

Nano is a metric measure of one billionth of a meter and covers a width 

of 10 atoms i.e., 1-100 nanometres. The speedy development in nanotech  

involves the use of Nanoparticles in numerous fields of analysis because of 

their uncommon optical, electrical, physical as well as chemical properties.  
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Nanoparticle can be used in numerous areas of computing,
 

electrochemistry , detection, water purification, oil extraction, corrosion 

reduction, and medication transmission. The size of Nanoparticles affects 

their physicochemical properties. Metallic NPs display surface plasmon 

resonance, which results in absorption within the UV-vis region and 

distinguishable optical and electrical properties.
 
   

      Metallic Nanoparticles have gained an oversized interest within the field 

of analysis and a spread of varied nanomaterials are commercially out there. 

A decent deal of nanoproducts is supposed to be converted into daily devices 

in the years to come. They could perhaps associate with the biological 

components on or within the cell membrane, ensuring that they can guide 

various biological, physical, chemical and biochemical properties.
10

 This is 

because of their compact size and therefore can be shipped readily all around 

the birth canal and blood nervous system pathway. As a result, they were 

implemented into more than 43 effective drug products, as conscripted by 

Weissig et al. in the discussion on nanopharmaceuticals.. Titania and ZnO 

NPs have been used in different forms of cosmetic products because when 

introduced to the epidermis, they help eliminate uv light while becoming 

clear to visible spectrum[1-14]. 

NPs are usually produced using practical and biochemical techniques 

that are normally costly and harmful for the ecosystem. The environment-

friendly biosynthetic pathway of NPs has therefore achieved rising popularity 

through the past few decades, in conjunction with increased interest in eco 

chemistry and economic progress. 

Typical physical and chemical methods for synthesizing NPs demand 

tough conditions, whereas biosynthetic approaches include fast, non-toxic, 

and ecologically sustainable techniques at optimum pressures and 

temperatures.  

Based on the locations the NPs are produced, such mechanisms may be 

categorized as intracellular and extracellular processes. Extracellular 

approaches are usually favoured because of increased easiness of material 

recovery. 

Several specific ecological materials have been tested that can be used to 

produce NPs inside or outside the cells together withs herbs, fungus, alga, 

viruse, microbes and yeast. The biogenic synthesis techniques used to 

process NPs are much more budget-effective and environment friendly.  

Such methods use natural microbes and herbal samples acting as reducing 

agents for crowning & stabilization medium, reducing the requisite of 

synthetic reactive substances. In addition, the incorporation of polypeptides 

and peptides as biological matrix 

allows to produce NPs witha departmental size and shape. According to 

multifaceted intricate interactions amongst biomaterials and synthetic 

substances, biogenic synthesis approaches may also sway the form & overall 

structure of NPs
 ,
 devised. 
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2 Mechanisms of Metal NPs Synthesis 
 

Although the mechanistic specifics of the biosynthetic pathway mechanis

ms are currently unknown, a number of concepts were suggested 

to understand the production of metallic NPs by bioreduction 

,notably for silver, gold and cadmium NPs.  

 

2.1 Polyphenols Directed Synthesis 
 

The phenolic aromatic rings are highly nucleophilic and that is the reason 

for their chelating ability. The phenolic compounds inactivate the metal ions 

by their chelating ability.  

The metallic ion were trapped & incapacitated by biotic substances & 

ultimately experience trimming, annealing as well as quarrying phenomenas 

that culminate in the processing of NP. The scale and structure of the 

subsequent NPs depend on the amount of metallic ions as well as the 

heterogeneity in its region of penetration. The growth, diffusion and 

composition of these biosynthetic NPs can be regulated by monitoring the 

react parameters. Defense against permeation and accumulation was 

observed in the existence of large polyphenols resulting from the formation 

of a protective layer all over the young nanoparticles as shown in figure 1.                  

 
Figure 1 Formation of Protective Layer 

 

2.2 Plants Directed Synthesis 
 

Plants have high amounts of alternate derivatives such as alkaloid, 

flavonoid, saponin, steroid, tannin, and phenol which can be used as 

reduction as well as stabilization agents and can forbid accumulation as well 

as assemblage through non hazardous methods of the metallic NPs.  
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The production of metallic nano particles with the help of herbal extracts 

involves three steps. The first step involves, the reduction and nucleation of 

metallic ion, this step is the activation step. 

Second, the small neighbouring NPs come together to form largersized partic

les,followed by an improvement in NP thermodynamic stability which is iden

tified as the growth phase. At last the ceasing stage occurs which allows the 

metallic nanoparticles to take shapes. After reducing the metallic ions by the 

reactive inhibitors, the nanoparticles are volatilized with the resulting ppts 

and cleaned by a suitable solution to extract contaminants where isolation 

occurs by column chromatography before their application. 

The nature and composition of the herb supplement used determines the 

structure of the nanoparticles, whereas the size of NPs is influenced by the 

temperature and pH of extract media. The functional groups existing in 

herbal samples bind electrostatically to metallic ions contributing to their 

transformationtion in metallic NPs. The main functional groups involved are 

CO, OH, RNH2 and ROCH3 groups. 

Some of the plant extracts used are:  

 Tabebuia berteroi: have high content of polyphenols and used to reduce 

iron and palladium ions to their respective metal NPs.  

 Withania coagulans: have high contents of flavonoids, tannins, 

phenolics, etc., and also used to synthesize Fe and Pd NPs.  

 G biloba:  its leaf extracts contain quercetin, which is used to synthesize 

Cu (II) NPs in two steps and without additon of any capping reagent.  

  Anthemis xylopoda: the flower extracts of this plant were used to reduce 

gold (III) to gold nanoparticles which can be used as catalysts. 

 Euphorbia peplus: Abundant in flavonoids and unique disaccharides 

used to reduce AgNO3 in the presence of Fe3O4, which results in the 

development of AgNPs with improved catalytic action. 

 Theobroma cocoa: Phenolic antioxidants are found in seed extracts 

which is used in the in vitro biosynthesis of Pd/CuO NPs. 

 Euphorbia heteradena: contains phenolics which is accountable to 

reduce Ti(OH)2 towards TiO2 nanoparticles and capping of the ligands on the 

NPs surface is also done by the phenolics as observed through FTIR. 

 Callicarpa maingayi: the stem extract contains aldehydes that reduce Ag 

ions to metal AgNPs, the extract contains CO and CN functional groups, 

from which the amide and protein groups serves as capping agents, for 

stabilization of AgNPs.  

 Vitex negundo: leaf extracts contains methanolic group to reduce Ag 

ions and stabilize AgNPs.  

 Ambrosia maritime: leaf extracts contains sesquiterpene lactones and 

flavonoids used to synthesize AgNPs.  

 Coleus aromaticus: leaf extract contains rosemarinic acid, a major 

polyphenols for the reduction of AgNPs from silver salts. 
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The proton contributing potential belonging to polyphenolic 

compounds such as flavonoids aswellasquercetinsprimarily requires nitrate, s

ulphate and chloride metal salts as active antioxidants in the metal precursor 

reduction method. 

Thus, the hydroxy functional group in reduce configuration in 

polyphenols istransformed to theCO groupalong with the transformation of m

etallic ions leading to a oxidoreduction reaction. The CO group of the 

polyphenols in oxidized form helps in stabilizing the metallic nanoparticles. 

Therefore, the principle for the biogenic production of nM
0
 metal atoms 

by herbal distillate polyphenols APOH reacting with a metallic halogen 

pioneer is given below: 

nAPOH + nM
n+    

nAPX + nM
0
 

The development initiates this aggregation of metal atoms predecessor to 

the hasten removal of metallic ions with enhanced resilience,  

nM
0
 + nM

n+ 
 Mn

n+
 

and The formation of (M2n
2n+

)n by clash, convergence of nMn
n+

 and maturing 

finishes with the formation of metallic nanoparticles. 

 

3 Fungi, Bacteria Strains and Algae Directed Synthesis 
 

Several fungi secrete vast amounts of oxidoredutive proteins outside the 

cell membrane which helps in reduction 

of metallic ions in the presence of heavy metals, resulting in the development

 of irresolvable metal protein nanocomplexes that ultimately form nanoparticl

es. Many researches has been done towards the mechanism studies of metal 

trimming through micro organisms. The two mechanisms used for reducing 

the metallic ions by fungus are the intracellular and extracellular 

mechanisms.  

The extracellular principle involves Nicotinamide Adenine Dinucleotide 

(NADH)dependent enzymes, especially nitrate reductases, that’re naturally p

roduced with electron transports such as hydroxyquinoline into the reaction 

medium.  

The electron transfer from NADPH regulates morphologies of NADH 

and NAD+, and the transformation of silver ions towards silver 

nanoparticles.  

Das and Thiagarajan
42 

described that electron transfer and NADPH- 

dependent reductase mediates the formation of silver nanoparticles  (Ag
0
) 

from silver ions (Ag
+
) specific to Fusarium oxysporum.

 
The oxidation of 

NADPH to NADH
+ 

accompanies the depletion of metal towards the 

formation of NPs. It wad described another related procedure 

in which Ag ion was depleted via the NADPHdependent nitrate reductases pr

oduced naturally by nonpathogenic bacteria intothe extracellular environment 

A further research showed that by creating andingesting tiny streamable oxid

oreductiveelements which migrates electron acrossmicrobe to the irresolvabl 
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substratum, certainbacteria reduce Fe
3+

.Because of their metabolic function, 

microbial sources demonstrate their behavior through NP precipitation.  

A research upon Fusarium oxysporum revealed that Ag & AuCl4 ion can 

be reduced using a nitrate-dependent enzyme reduction and a quinine 

dependent transfer which supports the theory of extracellular pathway.
 
 

Some experiments have also indicated that electron transmission is regulated 

by Shewanella sp. constituents, such as flavins connected to outer electron se

nsors, or active electron transmission through oxidoreductive polypeptides an

d surface linked cytochromes (immediate electron transmission).  

An analogous extracellular pathway has 

been clarified when AuNPs were formed from AuCl4
-
 

ions through electrostatically interacting with functional groups having 

positive charge present in the enzymes present at the cell membrane. 

The enclosed AuCl4 ions were reduced to Au
0
 by polypeptides / enzymes in t

he cell membrane, thereby giving the biogenic NPs extra stability. 

Conversely, in the cytoplasmic matrix, NPs or metal ions can flow across the 

cell surface and also be reduced by oxidoreductive intermediaries. A study 

showed that Verticellum sp. of fungi figured out that saccharins in the cell 

membrane are required to reduce Au
3+

.  

The second mechanism is intracellular whereby the cell membrane and 

polypeptides plays an important role in the bioreduction of metal NPs. 

The main cell membrane of fungi is the outermost network which is 

composed 1, 4 associations of carbohydrates, chitin and glucan. There exists 

an inter as well as intramolecular hydrogen bonding between chitin and 

glucan which provides rigidity to the cell wall. 

 

3.1 Fungi   
 

Fungi produce enormous quantities of naturally produced polypeptides 

which improve the NP production capacity.  

Many of the fungi possess mycelia, which has a larger surface area than 

bacteria can reach, enabling associations amongst metallic ions and fungus, 

like reduction agents. It would under the theory, boost ion conversion into 

metal nanoparticles. Fungi often has an advantage that downline production 

is straightforward after the creation of extracellular NPs, which enables 

effective nanoparticle abstraction. Fungi having filaments (hyphae) are 

superior to bacteria and single-cell species since these were indeed simple 

afore treat, extremely insensitive to metallic ions, also have strong surface 

bonding capacity and extracellular synthesis capability to NPs.
31

 It has been 

observed that NPs synthesized by fungi are aditionally firm also 

monodispersive as compared to the nanoparticles produced by other 

microbes. 
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Some of the fungi used are: 
 

 Candida albicans: cell free extracts were accostomed for the production 

of monodispersed and extremely birefringent gold and silver nanoparticles. 

 Aspergillus terreus: it’s a marine fungus and used to prepare selenium 

NPs 

 Fusarium oxysporum: used to produce AgNPs extracellularly via 

nitrate-dependent reductase and transfer quinine. 

 

3.2 Bacteria 
 

Bacteria are successful choices, because of their availability in the 

atmosphere and their ability to respond to harsh environments. They grow 

quickly, are cheap to grow and are easy to control. 

Bacteria are isolated and used for the bio synthesis of nanoparticles 

through two processes, extracellularly and intracellularly; through 

extracellular process by reduction of metallic ions on the membrane and 

through intracellular process by the recapitulation of the metallic ions in the 

bacterial cell possessing various pH, maturation period and temperature 

requirements for oxidation, thereby providing higher catalytic action 

including interface region for enzyme contact with metallic salts.The 

bacterium Delftia acidovorans posses a tiny non-ribosomal protein, 

delftibactin, that is resistant to gold ions and removes the Au ions from 

solvent via transforming those to gold nanoparticles that are anti toxic 

towards bacterial cell.
52

 Lactobacillus spp., Pediococcus pentosaceus, 

Enterococcus faecium and Lactococcus garvieae are the four species of 

bacteria which are known to synthesize AgNPs. 

Sintubin et al. proposed that perhaps the cellular membranes may serve 

as more of a capping agent for the nanopartilces, thereby avoiding 

accumulation. 

 

3.3 Algae 
 

They are aquatic microorganisms that can be employed in heavy metal 

nanopartilces 'biogenic production but are mainly used for the production of 

nanoparticles extracellularly.  

Some of those algae used are: 

 Chlorella vulgaris: used to transform chloraurate ions into gold attached 

algae, which is reduced to tetrahedral, decahedral and icosahedral shaped 

gold nanoparticles. 

 Sargassum wightii: brown seaweed used in the extracellular biosynthesis 

of AgNPs. 

 Chondrus crispus: red alga used in the synthesis of Au and AgNPs.   

 Spirogyra insignis: green alga used in the production of gold and silver 

nanoparticles. 
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 Tetraselmis kochinensis: used during intracellular AuNP production, 5–

35 nm in diameter, with spherical shape. The NPs have been produced in the 

cell membrane and not in the cytoplasmic layer, suggesting that the metallic 

ions in the cell wall were reduced by enzymes.  

 Kappaphycus alvarezii: used to synthesize AgNPs extracellularly as 

observed by Rajasulochana et al. 

 Fucus vesiculosus: brown alga used for reducing gold ions. 

 

4 Metallic Np Synthesis Using Natural Products 
 

      The cultures and extracts used throughout metallic NP biosynthesis 

include very vast variety of derivatives that lead towards metallic ion 

reduction and NP stabilization. There are carbohydrates, fats, amino acids, 

vitamins, proteins, fatty acids, flavonoids, terpenoids and so on. 

  

4.1 Phytochemical Pigment (Flavonoid) 
 

Flavonoids includes a broad category of polyphenolics compounds that 

act as chelating agent as well as reducing agent for metallic ions to form NP. 

These phytochemical pigments are used to synthesize metallic nanoparticles 

as they are rich in numerous OH and CO functional groups. Thereby, 

elevated flavonoid and phenolic pigment of aqueous Rumex dentatus water 

sample allowed Ag
+
 to be easily bioreduced to Ag

0
. It was theorized that 

tautomerism (keto - enol) in flavonoids triggers liberation of reactive H 

atoms, which leads to reduce the metallic ions. Furthermore; intrinsic 

transformation of  group into   group in flavonoids helps 

to the eliminate Au
3+

 ions. Curiously, certain flavonoids with their  

group may act as well chelating agent for the metallic ions. 

Some of the flavonoids used are: 

 Apiine (apigenin glycoside): derived from Lawsonia inermis (lawsonite 

thornless, henna) used to synthesize aeolotropic gold nanoparticles and 

globular silver nanoparticles having sizes varying between 21 to 39 nm. 

The rate of the reaction can be regulated by adjusting the proportion of 

metal salts to apiine. Study FTIR indicated that the CO group constituted 

in apiin was engaged in the process of NPs formation. 

 Hesperetin: isolated from citrus extract led to the complexation with 

Au
3+ 

and then reduce it to Au
0
.  

 Quercetin: have extremely high chelation through its CO and OH groups. 

 

4.2 Alkaloids 
 

    I. pes-caprae root extracts contains ergoline alkaloid, indolizidine alkaloid,  
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benzenoid & phenolic compounds which helps to reduce and stabilize 

AgNPs. Hardly very few journals mentioned the function of alkaloids in the 

composition of NPs and so more analysis in that same field is required. 

 

4.3 Terpenoids 
 

Studies of the FTIR revealed that terpenoids are primarily associated to  

biogenic production of metallic nanoparticles. AuNP development on AuCl
 -

4 

reactions from geranium leaves seemed to be largely relative towards extent 

of terpenoid in the leaves. Likewise, the depletion of Cinnamomum 

zeylanisum (cinnamon) extracts from HAuCl4 and AgNO3 was primarily due 

to very large extent of the essential terpenoid eugenol present in the sample. 

Earlier research further indicated that OH group deprotonation in eugenol 

produces negatively charged ion, which was then subsequently oxidized by 

metallic ions, progressing to their reduction and production of nanoparticles.
  

 

4.4 Enzymes 
 

Various experiments have indicated participation of multiple bioenzymes 

in the biogenic production of specific metallic nanoparticles. Enzymes are 

organic peptides which are formed by living organisms in great amounts. 

Enzymes helps to facilitate the production of nanoparticles having a broad 

range of morphologies but also differ greatly in their catalytic property, 

building the importance of conservatively choosing definite enzyme for a 

specific production. For instance, the reaction of liquid CdSO4 with the fungi 

Fusarium oxysporum, CdNPs production was arbitrated via naturally 

produced sulphate reductases which converted sulphate ions to sulfides, and 

after thet reacted with aq. Cd
2+ 

ions towards producing extremely stabilized 

CdSNPs. 

The increasing number of proven NP biosynthesis pathways using fungal 

enzymes increases the promising forecast of producing a rationally coherent 

bioproductive approach for nanoparticles with customized chemical 

constituents and structures.  
 

4.4 Proteins 
 

Polypeptides may be implicated in metallic NP stabilization. A peptide is 

a massive macrobiomolecule containing one or more than one long chains of 

residues of amino acids. 

Fourier transformation infrared spectrum demonstrate the existence of 

distinct CO functional groups on the covering of nanoparticles, and amino 

acid residue CO group appear to serve as curbing ligand for nanoparticles  
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and thus avoid the assemblage of them, then stabilize the formed 

nanoparticles in aqueous medium. 

The polypeptides hold together the AgNPs through their free amino 

groups as demonstrated. A collection of biotic molecules comprising of 

protein and amino acid with uncovered disulphide bridge and thiol group 

served as non-enzymatic crowning as well as reduction media during 

biogenesis of NPs. 

Gulsuner et al. devised a multifaceted protein for the environmentally 

friendly, size-controlled, AuNP synthesis. The protein contains group 3, 4-

dihydroxy-L-phenylalanine (L-DOPA), having a catechol side chain, which 

has been displayed to be important in reducing the gold ions and stabilizing 

the resultant nanoparticles with a lysine residue. A preprocessor realm has 

been implemented for the facilitization of trivial action as well as the 

attachment of the above reduction and stabilization moods to the active 

realms, allowing successful biotechnological aiming. The DOPA was 

oxidised as well as the gold ions ions were reduced simultaneously under 

favorable controlled conditions, resulting in the environmentally-friendly 

production and stabilization of bioactive gold nanoparticles in one step 

process. 

Ploypeptide chains can attach to the metallic ions by their main chain 

amino and carbonyl groups or by side chains such as aspartic & glutamic 

acid carboxyl groups or Nitrogen atoms in histidine rings and several other 

groups which binds to metallic ion include thiol, thioether, hydroxyl group, 

and carbonyl group. 

Used peptides functions as reductants as well as crowning medium’ 

removes requisite of discrete crowning stage, that’s essential for NP 

medicinal purposes.  

 

4.5 Vitamines 
 

Specific other extracted derivatives were also included in preparation of 

NPs made from noble materials.Vitamin B2 was used to synthesize gold and 

platinum NPs, having different shapes and sizes. Ascorbic acid was utilized 

for the production of AuNP in molecular congeals and liquid crystals.
40

 

Nevertheless, the usage of vitamins in metal NP biogenesis will currently be 

investigated. 

 
5 Applications of Biogenic Nanoparticles 
 

Many areas include the relationship of nanotechnology with other 

sciences to facilitate their biological applications in the production of 

medicines, electronics, vehicles, sensors, cosmetics, semiconductors and in 

the food industries. 
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NPs may be used in a number of applications in light of the special 

properties. Some of those relevant are given below: 

 

5.1 Electronics 
 

In the act of massive manufacturing procedure for up tp the minute kinds 

of electrical devices, imprinted electricals with different usable imprintations 

accomodating nanoparticles related metal nanoparticles, organoelectronic 

compounds, carbon nanotubes & ceramic nanoparticles is required to run 

instantly. 

Its special structural, optical and electrical properties make it the main 

structural component belonging to up to the minute age of electronics, 

sensing devices and photon generating compounds. 

Salient attributes of the nanoparticles are easy handling & exchangable 

fabrication that require the probability for integrating nanoparticles into 

electrical, optic technologies. 

 
5.2 Drug Encapsulation 
 

Nanoparticles furnish tremendous benefits in the pharmaceutical 

industries as these shield medicines in distinction to grating internal 

environment, enhance safety, improve & maintain efficacy, boost 

conveyance quality & selectiveness, prolong their liberation & disable 

imperfectly dissolvable products, and there’s inadequate evidence on 

everlasting unfavourable consequences of nanoparticles on humans. 

Mostly Fe3O4NPs are used for this purpose. 

 

5.3 Livestock Feed Additives 
 

Nanoparticles can enhance the efficiency of feed molecules when 

providing new platforms for the supplementation of nutrients. Because of its 

small scale, materials in configuration of nanoparticles could migrate quicker 

via intestines, thereby improving their bioavailability. ZnONPs are used for 

this purpose.
41

 

 

5.4 Manufacturing and Materials 
 

Manufactured nanoparticles exhibit physical and chemical features 

which cause unusual electronic, mechanicanistic, optic & photographic 

possessions that’re highly sought-after some scientific, commercial and 

ecological applications. NPs concentrate upon delineation, architecture & 

development of biologic and non-biologic systems < 100 nanometer, 

displaying special and novel functional characteristics. 
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6 Conclusions 
 

This study provided details on the environmentally sustainable biogenic 

synthesis of nanoparticles, with strong focus on the mechanisms employed. 

Plant extracts containing biogenic molecules were employed to reduce the 

metallic ions to NPs. A number of species and components of plants were 

isolated and then used for NP synthesis because they include a broad span of 

alternate derivatives, comprising sugar, alkaloid, terpenoid, phenol and 

enzyme. The processes through that biotic molecules of further species, 

related fungus & alga, can be intricated into biosynthesis of nanoparticles are 

yet undergoing discussion; nevertheless, these demonstrated type & structure 

depending on biologic pursuit & removed requisite of stabilization & 

crowning media. This review paper as well stated applications of 

Nanoparticles in various fields.With the possibility of applications of 

nanotechnology in day to day lives, further work is needed to uncover the 

everlasting physicochemical characteristics of biosynthetic NPs. 

 

 

References 
 

[1] S. Ge, X. Tang, Q. Zhang, and R. Murch, “Surface Waveguide Leaky-

wave Antenna for Single-Side Beam Scanning,”  International 

Conference on Microwave and Millimeter Wave Technology, ICMMT 

2019. 

[2] S. N. Mastura Zainarry, S. J. Chen, and C. Fumeaux, “A Pattern-

Reconfigurable Single-Element Microstrip Antenna,” Radio and Antenna 

Days of the Indian Ocean, RADIO 2018. 

[3] Sulistyaningsih, P. Putranto, M. Wahab, and T. T. Estu, “Microstrip 

patch array antenna with inset fed and perturbation for a 3 GHz S-band 

coastal radar,” International Conference on Radar, Antenna, Microwave, 

Electronics, and Telecommunications, ICRAMET , vol. 2018, pp. 174–

179,2018. 

[4] E. Sugawara, J.-I. Kato, Y. Yamagata, M. Ozaki, and R. Furutani, 

“Plasmonic trapping of sub-micro objects with metallic antenas,”  

Journal of Optics, vol. 18, no. 7, 2016. 

[5] J. A. Cabrera-Botero and C. I. Páez-Rueda, “Switched antenna pattern 

with reduced area for the industrial, scientific and medical 2.45 GHz 

band [Antena de patrón conmutado de área reducida para operar en la 

banda industrial, científica y médica de 2,45 GHz],” Ing. y Univ., vol. 

18, no. 1, pp. 121–140, 2014. 

[6] P. Vinetti, M. D’Urso, M. Dispenza, and D. Pavone, “Photonic feedback 

control for radar antennas,” Proceedings Tyrrhenian Workshop on 

Advances in Radar and Remote Sensing: From Earth Observation to 

Homeland Security, TyWRRS pp. 69–71,2012. 

[7] S. Ahmed and W. Menzel, “A novel planar four-quad antenna,”  

Proceedings of 6th European Conference on Antennas and Propagation, 

EuCAP, pp. 1946–1949,2012. 



 

                                                                                                                  
 

 

 

 
Biogenic Synthesis of Metallic Nanoparticles: Principles and Applications 11726 

 

[8] P. Vinetti, M. D’Urso, and M. Dispenza, “Dynamic array beamforming 

by photonic feedback sensor network,” Proceedings of 6th European 

Conference on Antennas and Propagation, EuCAP pp. 2641–2645. 

[9] J. Liu, S. Li, Y. Guang, D. Zhao, and Q. Wang, “Distortion of streak tube 

and its effection to multiple streaks-streak tube imaging lidar,” Zhongguo 

Jiguang/Chinese J. Lasers, vol. 35,pp. 177–180, 2008. 

[10] N. Seong, W. Choi, J. Bae, C. Pyo, and C. Kim, “Ka-band multi-beam 

antenna,”  IEEE Antennas and Propagation Society, AP-S International 

Symposium (Digest), vol. 4, pp. 4004–4007,2004. 

[11] Y.-H. Lee and W.-H. Kwon, “Dual-band PIFA design for mobile phones 

using H-type slits,” IEEE Antennas and Propagation Society, AP-S 

International Symposium (Digest), vol. 3, pp. 3111–3114,2004. 

[12] J. Scharer, E. Paller, and K. K. A. R. Cao, “Radiofrequency initiation 

and radiofrequency sustainment of laser initiated seeded high pressure 

plasmas,” International Conference on Plasma Science, 2001. 

[13] Sounthararajan, V.M., Sivasankar, S., Babu, K.B. and Kumar, R.V., 

“Sustainable Efficiency of Fly Ash with Fibre Composite Matrix on 

Volume Reduction in Flexural Rigidity”, Journal of Green Engineering 

Vol.10 no.1, 161–179, 2020. 

[14] E. C. Ngai, “Offset Near-Field Gregorian Antenna Scanning Beam 

Analysis.,” RCA Review, vol. 43, no.3, pp. 504-528. 1982. 

 
 

 

Biography 
 

 

 
 

Manisha Bhati , Chemistry Division, University Institute of 

Sciences.Chandigarh University, Gharuan, Distt. Mohali, Punjab, India. 
 

 

 

 

 

 


